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DETERMINATION OF CHARACTERISTICS OF ELECTRIC FIELD
OF THE METAL SURFACE LAYERS

R. M. Dzhala, V. M. Yuzevych, M. I. Melnyk

Karpenko Physico-Mechanical Institute of the NAS of Ukraine
The problem of determination of physical characteristics of surface and interface layers of con-
tacting metals is formulated and solved, in particular, the electric constituents of the surface and
interface energies, electric capacities of the surface and interface layers, etc. are estimated.
Their comparison is  carried out and it is established that for many pairs of contacting metals
(Fe–Cr, Al–Ni, Fe–Cu, Fe–Al, Al–Cr, Fe–Zn, Al–Cu, Al–Ti, Zn–Sn, Al–Pb) surface capacity
of  is approximately in 2 times larger than the interface m, and electric constituent of surface
energy WE is approximately in 1670 times larger than the analogical constituent of the interface
energy WmE. A solution and numerical results are obtained for the system of two contacting me-
tals for which the value of surface tensions, energies and mechanical modules of these metals
under their contact with an inert gas environment are obtained. On the basis of calculations it is
established that for the above pairs of metals there is a good correlation between the inner
contact potential difference (Galvani potential difference) and interface energy Wm (coefficient
of correlation 98%) and also between the energy of adhesive bonds Wad and Wm (91%).
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Wad  [1, 12]:
Wad = W1 + W2 – Wm, (6)

W1, W2 – .
x = H

x = –H  [11, 12]:
Wm / x = (WmE + mWmD)/ x = 0, y1 + p = 0   (x = +H), y2 + p = 0   (x = –H). (7)

 1–  2 [13] :
1 + 01 = 2 + 02, j1 = j2, x1 = x2, y1 = y2. (8)
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 n , AV,
EF ( . 1).

 1. E, , 
h WS, ,  n,

AV, EF

, 3 E, a n 10–28, 1/ 3
h, WS, 2 AV, EF, 

Pb 11340 0,44 16 14,95 0,597 0,576 4,25 9,42
Cu 8920 0,34 119 8,454 2,275 1,980 4,67 7,04
Ni 8900 0,31 200 18,264 3,03 2,66 5,35 11,67
Fe 7874 0,29 211 16,98 2,913 2,680 4,50 11,16
Sn 7365 0,36 50 14,95 0,826 0,759 4,38 10,25
Cr 7190 0,21 279 8,33 3,860 3,551 4,50 6,94
Zn 7133 0,25 108 13,154 1,310 1,204 4,25 9,37
Ti 4510 0,32 116 11,323 1,853 1,70 4,33 8,52
Al 2700 0,35 70 18,08 1,272 1,160 4,24 11,63

 [1]  (1)–
(4) -

WE /WS WS , 
, . 2.

 2. WE ,
WE /WS, , 

, 

Fe Al Cu Ni Cr Zn Ti Sn Pb
WE, 2 1715 846 1293 1737 2243 746 1102 1708 282
WE/WS, % 64,0 72,9 65,3 65,2 63,2 62,0 64,8 70,4 49,0

, 2 101,8 134,3 70,2 106,4 57,9 113,3 90,0 93,6 171,0

, 5,806 3,550 6,067 5,716 8,805 3,629 4,949 2,826 1,820

P 1,64 1,47 1,75 1,75 1,56 1,66 1,44 1,72 1,55

 – 
; P –  [19].

, -
m, Y

WmE /Wm -
,  [1] -

 (1)–(8), . 3. D =  | 1– 2|  = P× Y, P – 
 ( D Y); P = |P1 – P2| – 

.
. 2  3 -

. . 3 -
Wm Y, Wad Wm, Wad WmE,

Wm m -
m Y. Kk -

:
Kk K(Wm, Y) = 0,98; K(Wm, Wad) = 0,91; K(WmE, Wad) = 0,906;
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K(Wm, m) = – 0,68; K( m, Y) = – 0,80. (9)
Kk (9) WmE, Wm, Wad,

 ( m)  ( Y) .

 3. , m,
Y

WmE /Wm

Wad Wm Y D
2 P P WmE,

2
WmE /Wm,

%
m,

2

Fe–Cr 4,898 1,133 0,297 2,999 10,1 0,08 1,63 0,144 36,9
Al–Ni 3,138 0,682 0,189 2,166 11,5 0,28 1,06 0,156 59,4
Fe–Cu 4,004 0,658 0,215 0,261 1,21 0,11 0,962 0,146 41,6
Fe–Al 3,194 0,646 0,186 2,256 12,13 0,17 1,00 0,155 57,9
Al–Cr 4,113 0,598 0,200 5,255 26,28 0,09 0,919 0,154 46,1
Fe–Zn 3,363 0,521 0,166 2,177 13,11 0,02 0,741 0,142 53,6
Al–Cu 2,84 0,3 0,142 2,517 17,73 0,28 0,467 0,156 46,2
Al–Ti 2,569 0,291 0,130 1,399 10,76 0,03 0,454 0,156 53,9
Zn–Sn 1,778 0,185 0,095 0,803 8,444 0,06 0,280 0,152 62,0
Al–Pb 1,573 0,163 0,083 1,730 20,97 0,08 0,240 0,147 70,6

. 3, D = | 1– 2| -
 0,261 5,255 , P =

= 1,21 26,28,  | 1 – 2|  
Y.  { P}  

 { m}, { D}, { P}, { Y}, {Wm}, {WmE} -
, -

 [2]. -
Wad (Wad = 1,57÷4,9 2) ,

 [9], -
 [10].

. -
 Cr, Fe, Al, Ni, Cu, Zn, Ti, Sn, Pb , 

 – -
. : 1) 

; 2) -
. 

.
 ( . 2  3), -

m ( = 57,9÷134,3 2; m = 36,9÷70,6 2); -
WE = 282÷2243 2  1670 

WmE = 0,24÷1,63 2.
-

 ( ) ( ) Y Wm,
Wad Wm, Wad WmE

) Wm m, 
m Y.
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